ABSTRACT Self-healing materials have attracted considerable attention because of their improved safety, lifetime, energy efficiency and environmental impact. Supramolecular interactions have been extensively considered in the field of self-healing materials due to their excellent reversibility and sensitive responsiveness to environmental stimuli. However, development of a polymeric material with good mechanical performance as well as self-healing capacity is very challenging. In this study, we report a robust self-healing polyurethane (PU) elastomer polypropylene glycol-2-amino-5-(2-hydroxyethyl)-6-methylpyrimidin-4-ol (PPG-mUPy) by integrating ureidopyrimidone (UPy) motifs with a PPG segment with a well-defined architecture and microphase morphology. To balance the self-healing capacity and mechanical performance, a thermal-triggered switch of H-bonding is introduced. The quadruple H-bonded UPy dimeric moieties in the backbone induce phase separation to form a hard domain as well as enable further aggregation into microcrystals by virtue of the stacking interactions, which are stable in ambient temperature. This feature endows the PU with high mechanical strength. Meanwhile, a high healing efficiency can be realized, when the reversibility of the H-bond was unlocked from the stacking at higher temperature. An optimized sample PPG 1000 -mUPy 50% with a good balance of mechanical performance (20.62 MPa of tensile strength) and healing efficiency (93% in tensile strength) was achieved. This strategy will provide a new idea for developing robust self-healing polymers.
INTRODUCTION
The ability to spontaneously heal injuries is a key feature of biomaterials, and can improve their survivability and lifetime [1] . Inspired by nature, scientists and engineers have developed numerous self-healing materials over the past decades, especially self-healing polymers (SHPs) [2] [3] [4] . In view of the healing mechanism, all SHPs can be classified into two categories, extrinsic healing [5] and intrinsic healing mode [6, 7] . The latter has attracted considerable attention owing to its repeatable self-healing capability. To realize this goal based on molecular design, all kinds of dynamic interactions have been studied by researchers. Among these, supramolecular interactions [8] , such as host-guest interactions [9, 10] , ligand-metal complexations [11] [12] [13] , π-π stacking [14] [15] [16] , ionic interactions [17] and hydrogen-bonding (H-bonding) [18] [19] [20] , have become the most favored choices owing to their excellent reversibility and sensitive responsiveness to environmental stimuli.
As is commonly known, H-bonding has been extensively investigated because of the rapid development of supramolecular chemistry, and a series of multiple Hbondings with high affinity and directionality were established. Ureidopyrimidone (UPy) (Scheme 1a) [21, 22] , which is a classic moiety developed by Meijer and can form a self-complementary quadruple H-bond with high thermodynamic stability (ΔG≈10 kcal mol −1 ) and rapid kinetic reversibility (k off ≈8 s −1 ) [23] , has been widely used to construct supramolecular self-healable materials. It has been introduced into different matrices with different topologies by employing various strategies. For example, reversible addition-fragmentation chain transfer polymerization (RAFT) was employed to prepare UPy-contained multi-block supramolecular materials [24] [25] [26] [27] [28] [29] . In addition, UPy moieties could be grafted onto the polymeric backbone to obtain dynamic hydrogen-bonding cross-linked materials [30] [31] [32] [33] . The UPy group has been commonly modified to the end of a small molecule [34] or polymers [35] [36] [37] [38] in order to prepare a supramolecular cross-linking dynamic network. Actually, the excellent reversibility of UPy provides the materials with a desirable healing capacity; however, in most cases, the mechanical properties are unsatisfactory compared with systems that are derived from dynamic covalent bond. Nowadays, an increasing number of researchers have been seeking new approaches to achieve a good balance between the mechanical performance and self-healing capacity [13, 39] . A typical strategy is to tailor H-bonding array modes. Aida et al. [40] reported a mechanical robust and healable polymer by cross-linking low-molecular-weight polymers via dense H-bonds between thiourea and urea moieties, which may form a zigzag Hbonded array. Li et al. [41] developed a biomimetic strategy to achieve healable elastomer with supertoughness and high tensile strength by embedding hierarchical H-bonding moieties in polymer backbones. Furthermore, an effective method is to control the multiphase morphology. Guan et al. [25] reported a supramolecular block copolymer with a hard/soft two-phase morphology that combined high strength and toughness with spontaneous healing capability. The hard matrix of the material enables good mechanical properties; meanwhile, the reversible supramolecular moieties located within the soft phase provide self-healing capability. As is commonly known, polyurethanes (PUs) are a typical class of polymers with hard/soft two-phase morphology. PUs show great diversity in terms of both performance and morphology because they can be synthesized from various diols or polyols as well as isocyanate [42] [43] [44] [45] . Moreover, PU architecture can be simply tuned by selecting suitable chain extenders and end-groups [46] . Taking the advantages of PU, researchers have designed many self-healing PUs containing reversible bonds (such as dynamic covalent bonds [47] [48] [49] [50] [51] [52] and supramolecular interactions [53] [54] [55] [56] ). Recently, Bao et al. [57] developed stretchable and self-healable electronic skin or substrates for electrodes by cooperating two types of H-bonds with different bonding energies or UPy motifs in hard segments. To adapt it to the application requirements of this area, the tensile strength of these PUs is not very high (less than 5 MPa). However, it remains challenging to develop a healable PU with high tensile strength and toughness because PUs are widely applied in the fields of light industry, engineering materials, and aerospace.
Here, to develop a robust self-healable PU elastomer with a high tensile strength and supertoughness, we propose a new strategy to achieve a good balance between the self-healing capacity and mechanical performance by the introduction of an H-bonding switch using thermaltriggered stacking interactions (Scheme 1b). For the synthetic strategy, the multiblock copolymer PPG-mUPy was prepared by coupling the flexible polypropylene glycol (PPG) diol and dynamic UPy motif with isophorone diisocyanate. Then, the supramolecular network was formed by dense quadruple H-bonds between the UPy motif in the backbone of PU chains. More important, the high content of mUPy in the backbone helps in microcrystal formation assisted by the stacking effects [58] [59] [60] [61] , which further enhances the strength of PU at ambient temperature. During stretching, the quadruple H-bonds act as sacrificial bonds to dissipate energy and provide the PU with high mechanical strength (up to 49.64 MPa) and supertoughness (up to 215.75 MJ m −3 ).
Meanwhile, this stacking structure also acts as an Hbonding switch that can be triggered by heat. When the temperature is lower than T m of the UPy microcrystal, the reversibility of the H-bond is locked; when the temperature is higher than T m , the dynamic nature of UPy is activated, and the excellent chain mobility of the PPG chain significantly benefits from this reassociation. By modifying the architecture and morphology of PU, an optimized sample PPG 1000 -mUPy 50% with a good balance of mechanical performance and healing efficiency was declared with the excellent tensile strength of 20.62 MPa, toughness of 100.49 MJ m −3 , and high healing efficiency of 93% and 90%, respectively, after healing within 24 h at 80°C.
EXPERIMENTAL SECTION
Reagents and materials PPG (AR grade, M n =1,000, 2,000 g mol
), α-acetyl-γ-butyrolactone (99%), and guanidine carbonate (98%) were purchased from Alfa Aesar (USA). Isophorone diisocyanate (IPDI, 98%) and dibutyltin dilaurate (DBTL, 95%) were provided by Sigma-Aldrich (USA). Dimethylformamide (DMF, 99.9%) was supplied by Innochem (Beijing, China). Ethanol (AR grade), triethylamine (Et 3 N, AR grade) and 1,4-butanediol (BD, AR grade) were purchased from Kelong Reagent Corp (Chengdu, China). All of the solvents and reagents were dried before use.
Synthesis of 2-amino-5-(2-hydroxyethyl)-6-methylpyrimidin-4-ol (mUPy) mUPy was synthesized from α-acetyl-γ-butyrolactone and guanidine carbonate (Scheme S1). A detailed description of the method employed is as follows: α-acetyl-γ-butyrolactone (10.0 g, 78.1 mmol) and guanidine carbonate (14.1 g, 78.1 mmol) were added into a flask and refluxed for 12 h in absolute ethanol (100 mL) in the presence of triethylamine (26 mL) at 80°C. Then, the phases were separated, washed with ethanol and suspended in water. The mixture was neutralized using the HCl-solution. Finally, a white powder was obtained after filtrating, washing with water and ethanol, and drying.
Preparation of PPG-mUPy film
A series of PPG-mUPy with different compositions were prepared using the two-step route (Scheme S1), and the feed ratios are presented in Table S1 . Taking PPG 1000 -mUPy 50% as an example, the synthesis procedure was illustrated as follows. In the first step, PPG (5.00 g, 5.00 mmol) was added to a vessel and dehydrated at 80°C under vacuum for 6 h. Then, DMF (25.0 mL) was poured into the vessel as solvent under argon atmosphere. As soon as the reactants dissolved, IPDI (2.22 g, 10.00 mmol) and five drops of DBTL (about 0.06 mmol) were injected into the vessel to start the reaction. After reacting at 80°C with vigorous stirring under argon atmosphere for 2 h, NCO-terminated PU prepolymer was obtained. In the second step, without stopping the reaction, the mUPy (0.38 g, 2.25 mmol) and BD (0.21 g, 2.25 mmol) were quickly added to the mixture to extend the prepolymer chains. After reacting at 80°C for another 4 h, the solution of PPG 1000 -mUPy 50% was obtained. Films with a thickness of 0.70 mm were fabricated by solution-casting from DMF at 80°C for 24 h in a horizontal Teflon dish. Finally, the film was dried in an oven at 80°C for another 12 h and transferred into a vacuum oven at 45°C for 48 h.
Characterization and measurements

Fourier transform-infrared spectrometry (FT-IR)
FT-IR spectral analysis was recorded on a Fourier transform infrared spectrometer (Nicolet 6700, USA) in a range of wavenumbers from 600 to 4,000 cm
.
Nuclear magnetic resonance (NMR) spectroscopy
NMR spectra were recorded on a Bruker AV400 spectrometer (400 MHz, Germany) with dimethyl sulfoxide-d 6 and deuterated chloroform as solutions and tetramethyl silane (TMS) as the internal reference.
Gel permeation chromatography (GPC)
GPC was carried out with the HLC-8320 system (Tosoh Corporation, Japan) equipped with a refractive index detector and two columns, two TSK gel super AWM-H. DMF acted as elution solvent with a flow rate of 0.4 mL min −1 at 35°C and a polymethylmethacrylate (PMMA) standard was used for calibration.
Small-angle X-ray scattering (SAXS)
SAXS experiments were implemented on the Xeuss 2.0 system (Xenoc, France). A multilayer focused Cu Kα Xray source (GeniX3D Cu ULD, Xenocs SA, France, λ= 0.154 nm) and scatterless collimating slits were used during the measurements. The value of periodic length d was calculated by formula d=2π/q.
Differential scanning calorimetry (DSC)
DSC was performed with a DSC-Q200 (TA Instrument, USA) over the temperature range from −70 to 140°C at a heating (or cooling) rate of 3°C min −1 under a steady flow of ultra-high-purity nitrogen purge and empty aluminum as the reference.
Dynamic mechanical analysis (DMA)
The dynamic mechanical analysis of the samples was investigated using DMA Q800 (TA Instruments, USA), with a heating rate of 3°C min −1 from −60 to 150°C, and at a frequency of 1 Hz.
Static tensile tests
The mechanical properties of the samples were investigated on an Instron Universal Testing Machine (Model 3366, Instron Crop, USA) at a loading speed of 100 mm min −1 at room temperature. The thickness and width of the specimens were 0.70 and 4 mm, respectively. And the length of the sample between the two pneumatic grips of the testing machine was 20 mm. Five dumbbellshaped specimens were tested in each sample.
Self-healing test
To qualitatively analyze self-healing performance of the PPG-mUPy, the samples were firstly damaged with a razor blade to create a crack about 20 μm in width on the surface. Then, an optical microscope (Nikon DA-Fi1, Japan) was used to observe the sample surface before and after healing. The quantitative self-healing performance of the prepared samples was determined by healing efficiencies (see details in Equation S1) which were calculated from tensile test (using the Instron Universal Testing Machine). The dumbbell-shaped specimens were cut into two completely separate using a razor blade. Immediately after, the two separate halves were brought into contact with suitably applied stress in one minute. Then the samples were put into the oven at a controlled condition. After that, all specimens were tested by Instron Universal Testing Machine with a loading speed of 100 mm min −1 at room temperature.
RESULTS AND DISCUSSION
Preparation of PPG-mUPy
To embed the UPy moieties into the PPG main chains, a functionalized monomer mUPy comprising a hydroxyl group and an amidogen group was first prepared, and the synthetic strategy of mUPy is illustrated (Scheme S1) and its chemical structure is confirmed using an 1 H NMR spectrum (Fig. S1) . Meanwhile, the OCN-PPG-NCO was prepared by decorating the NCO group onto the chainend of the PPG diol. Then, the target PU, which was referred to as PPG x -mUPy y , was prepared by coupling OCN-PPG-NCO with equivalent mUPy and BD (Scheme S1), where the subscript x is the molecular weight of PPG, and the superscript y is the mole fraction of mUPy. The reaction of the chain extension was monitored by FT-IR based on the decline of the characteristic peak of the NCO group (Fig. S2) . Finally, the molecular features of the target products were determined by 1 H NMR (Fig. S3 ) and GPC analysis (all data were listed in Table S1 ).
Characterization of the quadruple H-bonding
In this work, the quadruple H-bond formed by UPy dimerization was the driven force to construct a supramolecular polyurethane network. As is previously known, UPy groups could associate and disassociate under sui- Thermal behavior and micromorphology of PPG-mUPy samples From the perspective of the molecular design in current systems, the micromorphology of the PPG-mUPy plays a dominant role in its mechanical properties and selfhealing capacity. Hence, DSC and SAXS were employed to disclose the relationship between the molecular structure and the micromorphology. Fig. 1a shows the DSC curves of the PPG-based samples in the heating scan. The relevant thermal parameters and their corresponding values are listed in Table S2 . Two main factors were found to affect the thermal behaviors of PU. One is the molecular weight of the PPG precursor, and the other is the content of mUPy. Compared with the PPG 1000 -mUPy series, the sample PPG 2000 -mUPy 100% with a longer chain length of soft segment exhibits a lower glass-transition temperature (T g ) at −57°C. Meanwhile, it is expected that the T g shows an increasing tendency with the increase of mUPy, because the formation of a greater number of quadruple H-bonds will restrict the mobility of polymer chains. Further, we also found that PPG-mUPy displayed a broad endothermic peak around 77°C during the heating process, which may be attributed to the melt of the UPy microcrystal. To confirm this viewpoint, PPG 1000 -BD 100% , which is a blank sample without mUPy, was also analyzed using DSC (Fig. 1a , Table S2 ). As was expected, there was no endothermic peak above T g , which indicated that this sample was in the amorphous state. As reported in some other systems that contained UPy moieties [59] [60] [61] [62] , the π-π stacking interaction of the UPy structure and the H-bonding of carbamate groups could actually induce the UPy dimer to form microcrystals. Therefore, it is easy to understand that the relevant enthalpy ΔH m of PPG-mUPy increases with the increase of the proportion of mUPy (Table S2) . For the samples with a similar mUPy content, e.g., PPG 2000 -mUPy 100% and PPG 1000 -mUPy 50% , the latter possesses higher ΔH m , which may be explained as being caused by the higher density of H-bonding of the carbamate groups stabilizing the stacking of UPy moieties. After the formation of the UPy crystal was proven by performing the DSC test, SAXS was carried out to analyze the microstructure of the materials (Fig. 1b and Fig. S5 ). The SAXS profiles indicated that PPG-mUPy samples had a long period peak at q=0.15 A −1 , corresponding to a d spacing of 4.19 nm. This indicated the presence of a phase separation between the hard and soft segments because of the stacking of UPy dimers. Then, the intensities of the peaks were enhanced by increasing the mUPy content. On the contrary, no obvious peak was found in the blank sample PPG 1000 -BD 100% . Up until the present, as was expected, the microphase separation in the PPG-mUPy was demonstrated. Hereafter, the mechanical properties and self-healing behavior are explored systematically. Fig. 2a displays the stress-strain curves for the PPG-based samples, and the mechanical properties are summarized in Table 1 . These curves of PPG-mUPy are relatively linear with deforming, and there is no yield-like component, which presents a classical rubberlike behavior. Compared with the UPy-free sample PPG 1000 -BD 100% , which exhibits very poor mechanical performance with a tensile strength about 0.05 MPa and a toughness of 0.15 MJ m −3 , the mechanical properties of the PPG-mUPy samples were significantly enhanced owing to the presence of the quadruple H-bonding and the UPy microcrystal. It is clear that the content of the mUPy group as well as the density of the H-bonding influences the me- , when the mUPy content varied from 100% to 25%; meanwhile, the elongation at the break (ε) increased slightly from 1,070% to 1,512% because the flexibility of the polymer chains increased. In fact, not only the H-bonds formed by UPy groups contribute to the mechanical performance, but the H-bonds formed by the carbamate group also benefit the mechanical performance in our current system. Therefore, the PPG 2000 -mUPy 100% sample showed a lower mechanical strength than PPG 1000 -mUPy 50% with a similar mUPy content. Considering these two factors, it is easy to understand that PPG 1000 -mUPy 100% exhibited the maximum tensile strength and supertoughness. In the present work, the dynamic nature of the Hbonding and the good mobility of the soft PPG segment in the samples could provide PPG-mUPy samples with the desirable self-healing capability. To reveal this feature, qualitative and quantitative analyses were conducted by performing optical microscopy and tensile tests, respectively.
Static tensile properties and self-healing performance of PPG-based samples
As mentioned above, the UPy groups in the main chain could form a crystal and melt at around 77°C. Thus, taking PPG 1000 -mUPy 50% as an example, we chose two typical temperatures (below and above 77°C) to observe its self-healing behavior using optical microscopy. At 70°C, a poor performance was observed (Fig. S6a) , which may be attributed to the lower chain mobility caused by the stacking structure of the UPy microcrystal. However, at 80°C, the scratch on the film almost completely disappeared after healing for 6 h (Fig. 3a) , indicating a good self-healing ability at this temperature. This result shows that the H-bonds of UPy moieties and carbamate groups could quickly reassociate between the interfaces (Fig. 3b) at this temperature. In addition, the facilitation of the dynamic feature of H-bonding and the ease of diffusion of the flexible PPG segment to repair the mechanical properties of the sample are present at the macro level (Fig. 3c , video in the Supplementary information). When the temperature was higher than 80°C, the scratch on the film could disappear completely within a shorter time (Fig. S6b, c) . The tensile tests of the samples before being damaged and after healing were conducted to quantitatively ana- lyze the self-healing properties. In more detail, the dogbone-shaped PPG-mUPy samples were cut into two pieces with a razor, and then the two pieces were gently pressed for 1 min, and then put into an oven for 24 h at 80°C; for comparison, the original samples were treated with the same thermal history. The stress-strain curves of PPG-mUPy samples before being damaged and after healing under different conditions are shown (Fig. 3d, e and Fig. S7 ). The self-healing efficiency (ƞ) was calculated from the ratio of the mechanical properties of the healed and the original samples (Equation S1), and the impact of the material structure on ƞ is illustrated in Fig. 2b . For the PPG 1000 -mUPy series, the ƞ increased first and then decreased, while the mUPy content decreased. Actually, there are two factors that influence the self-healing ability in this system, the polymeric chain mobility and the density of the H-bonding. The sample with high mUPy content has a high density of H-bonding, but the mobility of PPG chains has been restricted. Here, the PPG 1000 -mUPy 50% shows a good balance between these two factors, and it exhibits the best healing capacity. After healing, σ of the sample has recovered to 19.22 MPa with an ƞ σ value of 93%. Then, based on this sample, the influence of the healing temperature and time on ƞ was investigated. Fig. 3d , e illustrate the stress-strain curves of PPG 1000 -mUPy 50% healed at different temperatures (Fig. 3d, Fig. S8 ) and different times (Fig. 3e) , respectively. The figures show that increasing the healing temperature or prolonging the healing time will be advantageous to the healing of cracks. On one hand, a suitable temperature could provide a sufficient mobility of the polymeric chain, as mentioned above. On the other hand, prolonging the time allows a full chain diffusion at the section interface, which is considered as the primary driving force for healing, until the diffusion reaches the equilibrium state. For PPG 1000 -mUPy 50% , after healing for 12 h, the recovery of σ and ε reached 70% and 82%, respectively. A further increase in the healing time to 24 h led ƞ σ to improve to 93%, while ƞ ε increased to 93%, which almost approached the original level.
Dynamic feature of quadruple H-bonding
In order to better understand the mutual effect between the dynamic feature of H-bonding and the chain viscoelastic behaviors, DMA and cyclic tensile tests were performed. First, the storage modulus (E') and the loss factor (tanδ) of the PPG-based samples as a function of temperature were recorded by DMA (Fig. 4a) . In Fig. 4a , all of the samples exhibit a marked decrease of E' when the temperature exceeds the T g . More evidently, the transition is displayed as a peak in the tanδ curves, and the values of T g obtained by the curves are presented in Table  S3 . Although the T g determined by DMA is higher than what is recorded by DSC, it shows the same variation trend. It should be noted that when the temperature exceeded T g , a platform appeared in the samples with UPy moieties owing to the presence of the supramolecular network stabilized by H-bonding between UPy and their microcrystals. Not surprisingly, the sample with the high mUPy content possessed a higher E' value, which is consistent with the results of the tensile test previously discussed in this paper. When the temperature further increased above T m , there was another visible decline of E', because the UPy crystal was molten and the quadruple H-bonding was gradually broken up. For comparison, the PPG 1000 -BD 100% sample with no UPy moiety showed the lowest E' value, and it was collapsed at around 60°C.
To further explore the dynamic behavior of H-bonding, the stress-relaxation measurements were conducted by stretching the PPG-mUPy samples to 50% strain at 80°C and maintaining the strain for 60 min (Fig. 4b) . Obviously, all PPG-mUPy samples undergo stress relaxation within 60 min, and just the relaxation rate of PPG 1000 -mUPy samples largely depends on the density of the Hbonds as well as the mUPy content. PPG 1000 -mUPy 100% with the highest mUPy content showed the lowest relaxation rate, and it maintained the highest residual stress about 13.57% at 60 min; on the contrary, PPG 1000 -mUPy 25% showed the highest relaxation rate, and a stress of only 0.04% was maintained at the same stress relaxation time. Thus, it is easy to understand that PPG 1000 -mUPy 50% and PPG 2000 -mUPy 100% , which possess almost the same mUPy content, displayed the similar residual stress of 2.10% and 2.09% after the same stress relaxation time, respectively. The dissociation and association of quadruple H-bonds constantly occur in the stretched PPG-mUPy samples, thus allowing the network topologies of the PPG-mUPy samples to adapt to the applied forces. Therefore, this dynamic nature of the quadruple H-bonded crosslinking network at 80°C provides the selfhealing ability of the PPG-mUPy samples. Moreover, the cyclic tensile tests were also performed to reveal the dynamic nature of H-bonding in the present system from the perspective of the energy dissipation. First, PPG-mUPy samples were successively loaded-unloaded for five cycles at 500% strain ( Fig. 4c and Fig. S9 ). The PPG 1000 -mUPy 50% sample was observed to have a significant hysteresis (4.75 MJ m −3 for 500% strain cycle) and excellent elastic recovery rates (~90% for 500% strain cycle) in the first loading-unloading cycle. In the subsequent second cycle, the loading-unloading curve is closer to the previous unloading curves with relatively small hysteresis (1.49 MJ m −3 for a 500% strain cycle). It shows the typical Mullins effect, i.e., stress softening behavior because of hysteresis effects resulting from the disruption of the microstructure, dissociation of Hbonds, orientation of the hard segment domains, etc. [62] [63] [64] [65] . The subsequent cycles exhibit the same phenomenon. Then, taking PPG 1000 -mUPy 50% as an example, a comparative test was conducted: first, the samples were successively loaded-unloaded for two cycles at 500% strain; then, the third cycle of loading-unloading at 500% strain proceeded after 1 h relaxation (Fig. 4d) . Compared with the second cycle with distinct hysteresis, the sample almost recovered its stress-strain property in the third cycle after 1 h relaxation because the disassociated H-bonds during the stretch in the previous cycle was associated after a period of time. This could be further proof of the dynamic feature of the quadruple H-bonding. Meanwhile, the loading-unloading curves had remarkable repeatability when the strain was below 200%, which indicates the quick recovery at the low strain, and as shown in Fig. S10 .
CONCLUSIONS
In summary, a series of PPG-mUPy supramolecular PU elastomers were successfully prepared on the coupling PPG diol and mUPy with isophorone diisocyanate. DSC and SAXS analyses reveal that the dense UPy dimeric moieties in the PU backbone may self-assemble to stacks and induce microphase separation. The well-defined microphase structure with a strong and stable hard domain matched with a highly flexible PPG soft domain results in PU with high strength and supertoughness; meanwhile, the dynamic nature of H-bonding provides the supramolecular network with a desirable self-healing capacity. The impact of the PPG segment length, composition and the microphase morphology on the performance were investigated, and PPG 1000 -mUPy 50% was found to be as an optimized sample with a good balance of mechanical performance (20.62 MPa of tensile strength and 100.49 MJ m −3 of toughness) and healing efficiency (93% in tensile strength and 93% in toughness after healing within 24 h at 80°C).
